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INTRODUCTION {#s1}
============

During the recent years stem cells have been used to treat various disorders.

Studies in early 2000s suggested that multipotent stem cells may exist among bone marrow (BM) cells; and bone marrow stem cells contribute to liver regeneration after injury.^[@R01],[@R02]^ Subsequent studies demonstrated that cell fusion rather than differentiation was the principal source of bone marrow-derived hepatocytes.^[@R03],[@R04]^

These observations led investigators to examine the therapeutic potentials of BM-stem cells in liver disorders.

Several animal studies suggest that transplantation of BM-stem cells reduces liver fibrosis.^[@R05],[@R06]^ Subsequent uncontrolled clinical trials suggested that infusion of hematopietic CD34+ stem cells,^[@R07]-[@R10]^ BM-mononuclear cells,^[@R11],[@R12]^ or BM-mesenchymal stem cells^[@R13],[@R14]^ may transiently improve liver function in cirrhosis in human.

Malignant transformation is a potential concern associated with cell based therapies. Teratoma has been reported after transplantation of pleuripotent embryonic stem cells in nude or immunocompetent mice.^[@R15],[@R16]^ Teratoma has also been observed after transplantation of induced pleuripotent stem (iPS) cells.^[@R17]^ iPS cells can also lead to malignant tumors in transplanted mice. This has been attributed to induction of c-Myc gene in iPS cells.^[@R17]^

Furthermore, there is some evidence suggesting that MSCs could immortalize and transform spontaneously after long term in-vitro expansion.^[@R18],[@R19]^

Theoretically, malignancy is more likely to develop after cell therapy at the site of cellular engraftment. For instance, there is a report of donor-derived brain tumor development after intracerebellar injection of fetal stem cells.^[@R20]^ Therefore, there is a need to assess the potential risk of HCC after cell-based therapies in patients with cirrhosis.

In this study, we aimed to investigate the incidence of HCC after transplantation of bone marrow stem cells in cirrhotic patients.

MATERIALS AND METHODS {#s2}
=====================

Patients {#s2-1}
--------

We enrolled all patients who underwent BM-stem cell transplantation in our center between 2005 and 2011. All patients had decompensated cirrhosis at the time of stem cell transplantation.

The patients were invited to undergo screening for hepatocellular carcinoma. The screening was made by ultrasonography and AFP measurement. For patients who were not available, data from their last follow up was used.

MSC transplantation {#s2-2}
-------------------

Bone marrow MSCs were cultured as previously described.^[@R13]^ In the phase 1 study, a mean number of 31.7 million cultured MSCs were infused through a peripheral vein.^[@R13]^ In the phase 2 randomized controlled study, a mean number of 240.8 million cells were infused through a peripheral vein in the MSC group (Mohamadnejad M, et al. Unpublished data 2012).

CD 34+ Bone Marrow Cell Transplantation {#s2-3}
---------------------------------------

Bone marrow was aspirated and CD 34+ cells were isolated with miniMACS cell separator (Miltenyi Biotec, Bergisch Gladbach, Germany).Between 3 to 10 million cells were infused through hepatic artery. Details are available elsewhere.^[@R09]^

CD 133+ or Bone Marrow Mononuclear Cell Transplantation {#s2-4}
-------------------------------------------------------

In this ongoing randomized study, patients received bone marrow CD 133+ cells (about 3.5 million cells) or bone marrow mononuclear cells (about 500 million cells) through portal vein. The infusion was repeated after 3 months.

Statistical analysis {#s2-5}
--------------------

Data are expressed as mean ± SD and compared using the t tests. Statistical analyses were performed by SPSS version 19. P value of less than 0.05 was considered statistically significant. The incidence rate of HCC was determined by dividing the number of cases of incident HCC by the total number of person-years of follow up.

RESULTS {#s3}
=======

Thirty two patients (18 males) with decompensated cirrhosis were included in the study. Mean ± SD age of the patients was 45.7 ±12.8 years.

The etiology of cirrhosis included autoimmune hepatitis in 8 (25%), primary biliary cirrhosis in 4 (12.5%), hepatitis B virus in 2 (6.3%), non-alcoholic steatohepatitis(NASH) in 1 (3.1%), and cryptogenic in 17 (53.1%) patients. Mean baseline MELD ± SD score was 15.9 ± 5.2.

Fifteen patients (47%) received BM-MSCs. Four of which received MSC in the phase 1 trial, and 11 in the phase 2 trial. Also, ninepatients (28%)were given BM-mononuclear cells, 5 (16%) received CD 133-positive bone marrow cells, and 3 (9%) patients received CD 34-positive bone marrow cells ([Table 1](#T1){ref-type="table"}).

###### Characteristics of patients

  ------------- ---------------------------- ---------------------------------- ------------------------------------------ ------------------- ----------- --------------
                Number of patients (Males)   Mean age at transplantation ± SD   Mean duration of follow up ± SD (months)   AFP±SD(ng/ml)                   
                                                                                                                           Before transplant   Follow up   *p*- value\*
  MSC phase 1   4 (1)                        47.3±9.8                           25±23.4                                    2.7±1.1             3.1±2.2     0.5
  MSC phase 2   11 (7)                       43.7±18.0                          32.4±18.1                                  2.6±1.3             3.5±2.1     0.3
  CD 34+        3 (2)                        46.0±6.6                           12.0±0                                     3.3±1.5             3.5±2.1     0.8
  CD 133+       5 (2)                        45.2±5.6                           6.6±5.9                                    2.5±2.2             1.3±0.7     0.3
  MNNC          9 (6)                        47.7±12.2                          15.1±7.5                                   3.2±2.4             4.6±5.6     0.4
  Total         32 (18)                      45.7 ±12.8                         20.7± 16.6                                 2.8±1.7             3.4±3.3     0.3
  ------------- ---------------------------- ---------------------------------- ------------------------------------------ ------------------- ----------- --------------

The patients were followed for a mean ± SD duration of 20.7± 16.6 months.

Mean ± SD serum level of AFP was 2.8±1.7 ng/ml at baseline and 3.4±3.3 ng/ml at the end of follow up (*p*=0.3).

One patient was found to have HCC three months after receiving BM-mononuclear cells.

This patient was a 56 year old woman with NASH-induced cirrhosis and the baseline MELD score of 15 who received 865 million autologous BM-mononuclear cells through the portal vein. Her baseline serum AFP level was 7 ng/ml which increased to 26.5 ng/ml three months after cellulcar infusion. Trans-abdominal ultrasonography revealed a 35 mm mass lesion in the right lobe of the liver. A subsequent CT scan confirmed radiologic features of HCC. The patient was referred for liver transplantation.

Total follow-up was 655 person-months and the incidence for HCC was 1.8 cases per 100 person-years.

DISCUSSION {#s4}
==========

Several uncontrolled studies have reported that autologous bone marrow stem cell transplantation transiently improves liver function in some patients with cirrhosis.^[@R07]-[@R14]^ However, the efficacy of this therapeutic strategy needs to be confirmed in randomized controlled trials and the potential for malignancy needs to be sufficiently addressed.

We have previously reported the results of two uncontrolled trials of BM-MSC^[@R13]^ and CD34+ hematopoietic stem cell9 transplantation and have recently completed a randomized placebo-controlled trial of BM-MSC transplantation in cirrhosis (Mohamadnejad M, et al. Unpublished data 2012). Also, a randomized placebo controlled trial of hematopietic CD133+ versus bone marrow mononuclear cell transplantation is being performed at our center.

In this study, we have evaluated the development of HCC in patients who underwent stem cell transplantation between 2005 and 2011 in any of our four trials.

Only one of our patients who had received BM-mononuclear cells developed HCC three months after transplant. We did not biopsy the lesion as histology is not required in cirrhotic patients provided that the mass is more than 2 cm in size and has radiologic features of HCC.^[@R21]^ No liver mass was reported on the baseline ultrasonography in this patient before cellular transplantation, however a mass was found on follow up ultrasonography 3 months after receiving the BM-mononuclear cells. We are not sure if the HCC developed after transplantation, or there was a small tumor before transplantation that was not detected on baseline studies.

The incidence rate of HCC in our study was 1.8 cases per 100 person-years. In natural history studies of patients with cirrhosis the incidence rates of HCC ranges from 7.1 to 2 cases per 100 person-years.^[@R22]-[@R25]^ Therefore, the incidence rate of HCC in our study is comparable or even less than rates reported in patients with cirrhosis.^[@R22]-[@R25]^ Another reassuring finding in our study was that the mean serum levels of AFP did not change significantly in the patients after a mean 20.5 months of follow up.

The development of donor-derived brain tumor has been reported a few years after transplantation of allogenic neural stem cells in a patient with ataxia telangiectasia.^[@R20]^

There are some reports of spontaneous immortalization and transformation of MSCs after long term in-vitro expansion.^[@R18],[@R19]^ Theoretically, malignant transformation of the transplanted cells requires the presence of those cells in the recipient organ for several months or years.

In a previous study, we have tracked BM-mesenchymal stem cells after intrasplenic transplantation in syngenic mice.^[@R26]^ Wetraced the transplanted MSCs in the recipient livers a few days to a few weeks after transplantation. However, there were almost no MSCs three months after transplantation.^[@R26]^ Therefore, the transplanted MSCs are possibly cleared by the immune system in the host liver and this could decrease the possibility of malignant transformation of the transplanted cells after this period of time.

In conclusion, we found that the incidence of HCC is not increased after autologous bone marrow stem cell transplantation. While the efficacy of stem cell transplantation in cirrhosis requires to be confirmed, further safety data with longer duration of follow up is required.
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